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A Narrative Review of Pharmacologic Treatments for COVID-19:
Safety Considerations and Ototoxicity
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Objective/Hypothesis: The purpose of this review is to summarize evidence-based data regarding the ototoxic effects of
potential COVID-19 therapeutics to treat patients suffering from SARS-CoV-2.

Methods: Medications under investigation as novel therapeutics to treat COVID-19 were identified using the search term
coronavirus therapeutics, COVID therapeutics, and SARS-CoV-2 therapeutics on ClinicalTrials.gov and the PubMed Database. A lit-
erature review was performed using the PubMed Database for each proposed COVID-19 therapeutic to identify relevant arti-
cles. Search criteria included Medical Subject Headings (MeSH) and key word search terms for ototoxicity, vestibulotoxicity,
hearing disorders, and vertigo.

Results: Six proposed COVID-19 therapeutics were identified as possessing ototoxic side effects including chloroquine
and hydroxychloroquine, azithromycin, lopinavir-ritonavir, interferon, ribavirin, and ivermectin.

Conclusions: Available evidence suggests that ototoxic effects may be improved or mitigated by stopping the offending
agent. Recognition of hearing loss, tinnitus, or imbalance/vertigo is therefore crucial to facilitate early intervention and prevent
long-term damage. Hospitals should consider the inclusion of audiologic monitoring protocols for patients receiving COVID-19
therapeutics with known ototoxicity, especially in high-risk patient groups such as the elderly and hearing impaired.
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INTRODUCTION
The outbreak of severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) has rapidly evolved into a
global pandemic. Although the first cases of Coronavirus
Disease 2019 (COVID-19) emerged in late December of
2019, there still remains no widely established standard
of care for the pharmacological treatment of these
patients. More than 300 clinical trials are currently
underway, many of which seek to reposition existing
immunomodulatory medications, corticosteroids, and ant-
iviral agents as novel therapeutics to treat COVID-19
patients.

Multiple off-label drugs, such as hydroxychloroquine
and azithromycin, gained early enthusiasm and were
widely prescribed to COVID-19 patients despite a lack of
comprehensive clinical evidence to support their use.
Results from a large, randomized clinical trial (RCT) have
since found that hydroxychloroquine has no effect on

mortality or recovery in SARS-CoV-2 infection.1 However,
this medication remains in use in many centers
worldwide.

Many previously or currently used COVID-19 thera-
peutics have known ototoxicity including antimalarials,
macrolide antibiotics, immunomodulatory agents, and
antiviral therapies.2,3 Ototoxicity refers to drugs that
cause functional impairment or cellular damage to tissues
of the inner ear including both the cochlear and vestibu-
lar system, often manifesting as hearing loss, tinnitus or
disequilibrium.2 When unrecognized, ototoxic effects may
be permanent, leading to significant long-term disability.
Hearing loss has widespread impact on communication,
impacting quality of life, productivity, cognitive function,
and health care cost.4 Tinnitus is associated with
increased rates of depression, anxiety, and reduced cogni-
tive functioning.5,6 Imbalance and falls have widespread
implications for physical injury, social isolation, and
reduced quality of life.7,8 Understanding and recognizing
potential ototoxic side effects are the key to risk mitiga-
tion and limiting long-term damage. The purpose of this
contemporary narrative review is to summarize the
evidence-based data regarding the ototoxic effects of cur-
rent and previously used COVID-19 therapeutics.

SEARCH METHODOLOGY
The authors first sought to identify medications

under investigation as novel COVID-19 therapeutics by
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searching ClinicalTrials.gov and the PubMed Database
using the search terms coronavirus therapeutics, COVID
therapeutics and SARS-CoV-2 therapeutics. Medications
were limited to those in active or completed clinical trials,
as well as those approved for use in COVID-19 patients
under the Emergency Use Authorization by the Food and
Drug Administration prior to July 1st, 2020. A compre-
hensive list of drugs was compiled including antivirals,
immunomodulatory agents, and antibiotics (Table I).

Subsequently, a literature search for all relevant
publications related to ototoxicity published through July
1st, 2020 was performed within the PubMed Database for
each COVID-19 therapeutic (Fig. 1). Search criteria
included Medical Subject Headings (MeSH) and key word
search terms for ototoxicity, vestibulotoxicity, hearing dis-
orders, and vertigo. Additional papers were identified by
hand search of bibliographies. Numerous levels of evi-
dence including clinical trials, cohort studies, animal tri-
als, and in vitro studies were included. Studies were
excluded if they reported intratympanic administration of
medications in humans, lacked sufficient data, or used
multiple drug combinations.

RESULTS
Of the original list of COVID-19 therapeutics, six

medications were identified as possessing potential oto-
toxic effects (Table I).

Chloroquine and Hydroxychloroquine
Chloroquine and hydroxychloroquine, which have

long been used in the treatment of malaria and autoim-
mune diseases, exert antiviral properties in several ways,
including inhibition of endosome mediated viral entry,
viral uncoating, and proteolytic processing.46 Early clini-
cal data suggested COVID-19 patients treated with chlo-
roquine or hydroxychloroquine exhibited improved
radiologic findings, faster time to recovery, and a reduc-
tion in viral load.47–49 However, this benefit has since
questioned by a series of studies, including a large RCT,
that showed no benefit to standard of care.1,50,51 There
are currently over 25 RCTs underway to fully assess the
clinical benefit of chloroquine and hydroxychloroquine in
treating COVID-19 patients.

TABLE I.
List of Identified COVID-19 Therapeutics and Their Association with Ototoxic Effects.

COVID-19 Therapeutic Evidence of Ototoxicity

Outcome of Toxicity

ReferencesReversable with Disuse of Toxic Agent Improvement with Steroid Therapy

Antivirals

Lopinavir-ritonavir Known SE*,† Reversable Not assessed 9,10

Ribavirin Known SE* Sometimes reversable Yes 11–21

Ivermectin Known SE* Reversable Not assessed 22–24

Remdesivir Not investigated - -

Favipiravir Not investigated - -

Darunavir-cobicistat Not investigated - -

Camostat mesilate Not investigated - -

Immunomodulators

HCQ/CQ‡ Known SE*,† Sometimes reversable Yes 25–30

Interferon‡ Known SE*,† Reversable Not assessed 31–35

Colchicine Unclear† - -

Tocilizumab Not investigated - -

Sarilumab Not investigated - -

Aviptadil Not investigated - -

Eculizumab Not investigated - -

Bevacizumab Known not toxic§ - - 36,37

Anakinra Known not toxic§ - - 38,39

Corticosteroids

Methylprednisolone Known not toxic§ - - 40

Prednisone Known not toxic§ - - 40

Dexamethasone Known not toxic§ - - 40

Other

Azithromycin Known SE*,† Sometimes reversable Yes 41–45

Famotidine Not investigated - -

*In vivo clinical evidence to support toxicity.
†In vitro or animal studies to support toxicity.
‡HCQ/CQ denotes hydroxychloroquine/chloroquine; interferon includes IFN-α, IFN-β and PEG-IFN.
§In vivo, clinical evidence to support lack of toxicity.
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The ototoxic effects of chloroquine use are well docu-
mented and include symptoms of reversible and irrevers-
ible sensorineural hearing loss (SNHL), tinnitus, and
vertigo. An observational study (n = 74) receiving chloro-
quine therapy reported abnormal brain stem audiometry
(ABR) in 13 patients, although there was no change in
hearing by pure tone audiogram.25 Likewise, a prospec-
tive observational study (n = 30) abnormal ABR findings
in two patients, both of whom also exhibited bilateral
SNHL by pure tone audiometry.26 In both studies, symp-
toms resolved after discontinuation of chloroquine treat-
ment. A recent systematic review found evidence of
abnormal ABR or SNHL in 10 patients across 6 case
reports after chloroquine therapy.27 Severe permanent
bilateral SNHL was reported in two of these patients, the
first occurring within hours of chloroquine administration
and the later after prolonged chloroquine therapy. Three
out of the 10 patients additionally reported vertigo or
imbalance occurring concurrently with hearing loss.
Reports of tinnitus after chloroquine therapy are much
less common, although it has been described in a small
percentage of patients.28,29

Hydroxychloroquine has likewise been associated
both reversable and irreversible hearing loss in a number
of case reports in the clinical literature. A systematic
review found evidence of mild to severe SNHL occurring
in seven patients across six case reports after hydro-
xychloroquine therapy, with two of these patients
experiencing tinnitus concurrent with hearing loss.

Although the mechanism by which chloroquine and
hydroxychloroquine induce ototoxicity is not fully under-
stood, chloroquine has been shown to accumulate in mela-
nocytes resulting in damage to cochlear sensory hair

cells.29 Evidence from the literature suggests that SNHL
is more common with prolonged use and high doses of
chloroquine and hydroxychloroquine.30 Importantly, the
suggested dose in COVID-19 patients is significantly
higher than the recommended dose for malaria treatment
and there is currently no data assessing the ototoxic
effects of chloroquine at these increased doses in the
literature.27

Azithromycin
Azithromycin is a macrolide antibiotic commonly

used to treat a wide variety of gram positive and atypical
bacterial infections; it also possesses anti-inflammatory
properties and inhibits viral replication of human influ-
enza virus H1N1 in vivo.52,53 A recent study demon-
strated that azithromycin may have therapeutic effects
against SARS-CoV-2 through modulation of the pH of
endosomes in the trans-Golgi network of respiratory epi-
thelial cells.54 A single arm, non-RCT reported
azithromycin combined with hydroxychloroquine was sig-
nificantly more effective at reducing viral load than
hydroxychloroquine alone in COVID-19 patients,
suggesting possible synergistic effects.49 There are cur-
rently over 30 active clinical trials assessing the effects of
azithromycin in COVID-19 patients, many of which use a
combination therapy of azithromycin with chloroquine or
hydroxychloroquine.

Several studies report ototoxicity associated with
azithromycin use, including SNHL, tinnitus, and imbal-
ance. Ototoxicity typically manifests as bilateral hearing
loss within a week of treatment initiation and increases
with dose and blood serum levels.2 An RCT (n = 1,146) of

Records identified through PubMed
database searching

(n = 354)

Full text articles reviewed
(n = 50)

Records screened
(n = 254)

Records excluded after
screening title or abstract

(n = 204)

Full-text articles excluded (n = 12)
•  Intratympanic administration(n = 1)
•  Lacking or incomplete data (n = 6)
•  Drug used in combination with
  other drug therapies (n = 4)
•  English translation not available
  (n = 1)

Additional records identified through
hand search of bibliographies

(n =  3)

Records after duplicates removed
(n = 254)

Studies included in literature review
(n = 38)

Fig. 1. Search flow diagram of the study selection process investigating the association of proposed COVID-19 therapeutics with ototoxicity.
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long-term azithromycin in chronic obstructive pulmonary
disease (COPD) found that patients treated with
azithromycin had a 25% higher rate of SNHL compared
to the placebo control group.41 A systematic review inves-
tigating macrolide associated hearing loss concluded that
SNHL was significantly associated with azithromycin
use, even at standard oral doses of 250 mg.42 The severity
of SNHL ranged from mild to severe and was often
reversible, although a small subset of patients suffered
from permanent hearing loss. A retrospective study inves-
tigating azithromycin use in HIV-related infections
(n = 41) reported similar findings, with eight patients
experiencing severe ototoxic adverse events including
bilateral SNHL, tinnitus, and vertigo.43 Symptoms were
found to resolve in an average of 5 weeks after discontin-
uation of treatment.

The mechanism by which azithromycin-induced
ototoxicity occurs is not well understood. Topical
azithromycin induces significant inner and outer sen-
sory hair cell loss in guinea pigs.44 A study carried out
in erythromycin, a related macrolide antibiotic, found
that erythromycin-induced SNHL was associated with
the absence of serial-evoked auditory brainstem poten-
tials in waves I to III, suggesting hearing loss may be
related to dysfunction in the peripheral auditory
system.45

Lopinavir-ritonavir
Lopinavir-ritonavir is an orally administered anti-

retroviral therapy (ART) approved for the treatment of
human immunodeficiency virus (HIV) type I. Lopinavir is
an aspartate protease inhibitor administered in combina-
tion with the pharmacokinetic booster ritonavir to
increase plasma half-life through inhibition of cytochrome
P450. Lopinavir has shown effectiveness against both
middle east respiratory syndrome coronavirus (MERS-
CoV) and acute respiratory syndrome (SARS), caused by
the related SARS-CoV coronaviruses, with significantly
reduced rates of acute respiratory distress syndrome
(ARDS) and mortality.55–57 Clinical data for the use of
lopinavir-ritonavir in COVID-19 patients remain limited
and RCTs are ongoing. Lopinavir-ritonavir therapy was
shown to promote recovery rates in a case series of
10 patients hospitalized with severe COVID-19.58 How-
ever, a large RCT assessing lopinavir-ritonavir treatment
in severe COVID-19 found no benefit compared with stan-
dard of care.59

Data from the research literature have confirmed
that ritonavir possesses ototoxic effects in vitro. Ritona-
vir was shown to significantly reduce the viability of
auditory HEI-OC1 cells, with toxicity increasing with
length of exposure.9 However, clinical data are limited.
Moderate, bilateral hearing loss was confirmed by audi-
ologic testing in a patient 4 weeks after initiation of
lopinavir-ritonavir therapy. Hearing loss was reported
to resolve shortly after discontinuation of lopinavir-
ritonavir treatment and audiologic testing revealed bor-
derline normal auditory acuity by 20 weeks after
discontinuation.10

Interferon
Interferons (IFNs) are a group of naturally occurring

signaling proteins released by numerous cell types in
response to inflammation or infection. Type I IFNs, which
include interferon-α (IFN-α) and interferon-β (IFN-β), are
known to possess robust antiviral and immunomodula-
tory capabilities.60 IFN-α and IFN-β have been studied in
previous coronavirus outbreaks, with both demonstrating
activity against SARS-CoV in vitro.61 Recent clinical tri-
als in COVID-19 patients reported that IFN-α therapy
significantly reduced rates of viral shedding and levels of
inflammatory markers, whereas IFN-β therapy improved
virologic clearance.62,63 However, both had small sample
sizes and lacked a control group. Over 15 clinical trials
are ongoing to assess the efficacy of IFN-α or IFN-β in
COVID-19 patients. Importantly, many of these trials uti-
lize IFNs in combination with other therapeutics dis-
cussed in this review, including chloroquine,
hydroxychloroquine, lopinavir-ritonavir, and ribavirin.

Ototoxic effects of interferon therapy have been
documented both in vitro and in vivo. A prospective
cohort study (n = 49) receiving either IFN-α or IFN-β
therapy confirmed SNHL in 18 (35%) patients and tinni-
tus in 14 (29%) patients.31 IFN-β therapy was associated
with both unilateral and bilateral hearing loss, whereas
treatment with IFN-α resulted exclusively in unilateral
hearing loss. A prospective cohort study (n = 77) docu-
mented 37% SNHL, with no difference between patients
receiving IFN-α or IFN-β.32 Across all studies, IFN-
induced hearing loss was generally reversable and ret-
urned to normal within 14 days of discontinuing therapy.
Importantly, a case-controlled study demonstrated a
higher incidence of hearing loss in elderly and male
patients.33 Increased age and male gender have been
identified as independent risk factors for increased sever-
ity of COVID-19 disease, raising concern for increased
risk of IFN-induced ototoxicity in these already vulnera-
ble patient populations.34

Although the mechanism behind IFN-induced oto-
toxicity is not fully understood, animal models suggest
cochlear damage. Mice receiving intraperitoneal injec-
tions of IFN-α exhibited an elevated ABR threshold and
prominent histologic changes in the cochlea compared to
the control group.35 Loss of hair cells was not observed.

Ribavirin
The antiretroviral agent ribavirin has been used to

treat several viral infections including respiratory syncy-
tial virus (RSV), hepatitis C, and some viral hemorrhagic
fevers. Ribavirin is a guanosine analog that interferes
with viral replication through inhibition of viral mRNA
synthesis. A recent open label RCT found that triple ther-
apy of ribavirin, lopinavir-ritonavir, and IFN-β-1b in
COVID-19 patients shortened hospital stay and
decreased viral shedding compared with lopinavir-
ritonavir therapy alone.64 Additional clinical trials evalu-
ating efficacy of ribavirin alone, and in combination with
ivermectin and nitazoxanide, for SARS-CoV-2 are
ongoing.
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Numerous reports support ribavirin-induced ototox-
icity. A retrospective cohort study estimated that sudden
hearing loss may occur in up to 1% of patients receiving
pegylated (PEG)-IFN/ribavirin combination therapy.11

Our review identified nine separate case reports of severe
sudden hearing loss in patients receiving pegylated
(PEG)-IFN/ribavirin combination therapy. Of these, uni-
lateral SNHL was far more common, occurring in eight
out of the nine patients.12–19 Three cases reported tempo-
rary hearing loss that improved with cessation of
pegylated (PEG)-IFN/ribavirin combination ther-
apy.13,14,18 SNHL was fully reversible in two cases (after
prednisone treatment) and permanent in four cases, even
after cessation of treatment.12,15–17,19,20 Tinnitus occurred
concurrently with hearing loss in one case.16

These reports suggest that the therapeutic use of
(PEG)-IFN/ribavirin combination therapy may mimic the
ototoxic effects of non-pegylated interferons alone. Ribavi-
rin in combination with (PEG)-IFN remains the standard
of care in many patients with chronic hepatitis-C infec-
tions. Minimal data exists on the ototoxic effects of ribavi-
rin alone; therefore, it is difficult to discern whether
SNHL is the sole result of IFN therapy or if ribavirin
may enhance known ototoxic effects. Interestingly,
whereas hearing loss induced by IFN therapy alone is
usually reversible, (PEG)-IFN/ribavirin combination ther-
apy has shown higher rates of permanent hearing loss.21

Ivermectin
Ivermectin is a broad spectrum antiparasitic drug

that has been suggested as a novel COVID-19 therapeutic
after it was shown to inhibit replication of the SARS-
CoV-2 virus in vitro.65 There are limited clinical data for
Ivermectin in COVID-19 patients, or against prior out-
breaks of SARS-CoV or MERS-CoV. Numerous RTCs of
ivermectin in COVID-19 patients are ongoing, many of
which combine ivermectin with previously discussed
drugs, such as azithromycin, chloroquine, hydro-
xychloroquine, and ribavirin.

Clinical reports indicate ototoxic effects associated
with ivermectin use, primarily manifesting as
vestibulopathy. The results of four studies evaluating the
efficacy of ivermectin in strongyloidiasis reported vertigo
in 0.9% and dizziness in 2.8% of participants. However, a
recent large database monitoring found rates of disequi-
librium to be much higher: 7.5% of patients treated with
ivermectin reported dizziness.22 A study on ivermectin in
gnathostomiasis (n = 20) reported similar results, with
15% participants experiencing dizziness.23 Data suggest
rates of disequilibrium are unrelated to ivermectin dose
or duration of treatment.23,24 In all cases, disequilibrium
was self-limited and no long-term ototoxic effects were
observed.

DISCUSSION
The purpose of this narrative review was to summa-

rize the literature regarding the ototoxic effects of
COVID-19 therapeutics. Ototoxicity was found to be a
shared feature among many of these proposed

therapeutics, including chloroquine and hydro-
xychloroquine, azithromycin, lopinavir-ritonavir, inter-
feron, ribavirin, and ivermectin. Due to the growing
number of COVID-19 patients worldwide who may be
exposed to these medications, vigilance regarding symp-
toms of hearing loss, tinnitus, and imbalance/dizziness is
a key strategy to prevent long-term disability.

Synergistic adverse audiovestibular effects may
occur with the co-administration of multiple ototoxic
COVID-19 therapeutics. Varying combinations have
been- or are currently being-used in patients with
COVID-19. Most notably, hydroxychloroquine-
azithromycin combination therapy has been used clini-
cally to treat thousands of COVID-19 patients worldwide.
Additional clinical trials include hydroxychloroquine in
combination with IFNs or lopinavir-ritonavir,
azithromycin in combination with ivermectin, as well as a
triple combination of IFNs, lopinavir-ritonavir, and riba-
virin. Minimal data exist on the possible synergistic oto-
toxic effects of these combination therapies. Of particular
concern, azithromycin and lopinavir-ritonavir may
increase serum levels of hydroxychloroquine due to the
inhibition of cytochrome P450 3A4 (CYP3A4), which may
result in increased risk of ototoxic adverse effects.66

Various factors are known to increase the risk of
drug-induced hearing loss, including old age, underlying
hearing impairment, genetics, and reduced drug elimina-
tion.67 Renal failure is of particular concern as the major-
ity of ototoxic drugs are eliminated through the kidneys,
including three of six medications discussed in this
review: hydroxychloroquine, chloroquine, and ribavirin.67

Acute kidney injury occurs in 20% to 40% of critically ill
COVID-19 patients, potentially impacting ototoxic effects
due to reduced renal elimination.68 Likewise, reduced
renal function puts elderly patients at an increased risk
of ototoxicity, especially when combined with other medi-
cations they may take for chronic conditions.69 Lastly,
patients with prior SNHL are at an increased risk of
additional drug-induced hearing loss.70 Attention to
serum levels of ototoxic therapeutics in these at-risk
populations may minimize long-term effects to hearing
and balance. When possible, recommendations advise
avoidance or replacement with a non-ototoxic drug in
older, hearing-impaired patients.67

The compounding effects of hypoxia and administra-
tion of ototoxic medications is an additional concern in
COVID-19 patients. Hypoxia induces metabolic changes
to electrochemical potentials in the cochlea, resulting
decreased hearing thresholds, reduced speech discrimina-
tion, and prolongation of I-V waves in ABR.71 Hypoxia is
a defining feature of serious COVID-19 disease and may
exacerbate the ototoxic effects of COVID-19 therapeutics
in these patients. Furthermore, COVID-19 infection is
associated with the development of a hypercoagulable
state, which may increase the risk of hearing loss due to
microthrombi formation. It may therefore be difficult to
separate hearing loss due to microthrombi or hypoxia
from ototoxic effects of COVID-19 therapeutics.

Hospitals should consider the audiologic monitoring
protocols for individuals receiving ototoxic COVID-19
therapeutics, especially high-risk patient groups such as
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the elderly and hearing impaired. Ideally, patients
reporting symptoms of hearing loss, tinnitus, and vertigo
should be undergo audiologic evaluation. While compre-
hensive behavioral audiometry in a sound-proof booth
remains the gold standard for establishing ototoxicity,
urgent cases requiring real-time decision-making may
benefit from bedside behavioral or electrophysiologic test-
ing. High-frequency audiometry may be considered when
possible, and can detect ototoxic damage at a subclinical
level, allowing early intervention to minimize or prevent
hearing loss.2

Guidelines from The American Speech–Language–
Hearing Association (ASHA) recommend that all patients
administered ototoxic medications should 1) receive rou-
tine audiologic monitoring during the treatment course to
facilitate early detection of ototoxicity, 2) receive post
treatment audiologic evaluations 3 months and 6 months
after cessation of the ototoxic medication to detect del-
ayed or residual effects of ototoxicity, 3) receive prompt
initiation of aural rehabilitation if ototoxic effects should
manifest.72 For those unable to travel, telemedicine with
remote audiometry applications may play a role.73,74

Available evidence suggests that ototoxic effects may
be improved or mitigated by stopping of the offending
agent, suggesting that vigilance regarding symptoms of
hearing loss and imbalance is crucial to prevent long-
term damage. Evidence suggests that steroids may limit
drug-induced ototoxicity of some medications, such as
hydroxychloroquine, chloroquine, azithromycin, and riba-
virin, however additional data is necessary.15,16,27,42,75

CONCLUSION
Many therapeutics used in COVID-19 have ototoxic

effects, including chloroquine and hydroxychloroquine,
azithromycin, lopinavir-ritonavir, interferon, ribavirin,
and ivermectin. Damaging effects may be reversible if
identified, therefore, recognition of hearing loss, tinnitus,
or imbalance/vertigo remains the frontline of both preven-
tion and treatment. Hospitals should consider the inclu-
sion of audiologic monitoring protocols for patients
receiving ototoxic COVID-19 therapeutics, especially in
high risk patient groups such as the elderly and hearing
impaired.
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